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FLOOD WAVES SEWERS—DISCUSSION 


PAPER No. 572.* 


begun Omaha promises become valuable contribution en- 
gineering knowledge. Exact knowledge storm-water flow quite 
limited. Mr. Grover’s observations ought continued through 
large number storms, secure the best results. 

The comparison the discharge the sewer with the values 
obtained from the Hawksley, Burkli-Ziegler and other formulas 
substituting the observed rate rainfall brings question the 
meaning and legitimate limits use these standard formulas. 
proper test compare volumes obtained from the same rate 
rainfall for districts different size? the writer’s mind these 
formulas show the effect the area district upon the maximum 
rate rainfall which may expected over that district, and hence 


See Vol, XXVIII, page 
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upon the maximum flow therefrom, while properly coefficient 
arbitrarily chosen give general form the results. 

order better understand the use the formulas, let look 
the underlying principles. 

Gaugings sewers show that hard storm long enough 
duration allow storm water from the remotest part the district 
reach the outlet before that rate rainfall ceases, practically the 
same proportion this rainfall flows off the maximum flow 
would flow from the smaller district with the same rate rainfall. 
other words, sewer draining 2100 acres discharges 385 cu. ft. 
with rainfall .48 in. per hour falling steadily, this maximum dis- 
charge being the amount water falling the district 
any one time, district 1050 acres under the same conditions 
topography would give maximum discharge the same 
amount per acre, the sewer discharge being directly proportional 
the area for areas smaller than 2100 acres, since the above rain fell 
steadily minutes, time stated long enough for water from 
the remotest part the 100 acres reach the outlet. This, course, 
area previously saturated with rain. 

The question then is, will not short, heavy rainfall affect the small 
district, while the same rate will not last long enough make max- 
imum flow the large district; and this element time and 
rate rainfall which the Burkli-Ziegler formula evidently intended 
cover. 

well known that much higher intensities rates rainfall 
are common storms short duration than long-continued rains. 
Some time ago the writer gathered all the available data rainfall 
connection with the time downpour, and platting them diagrams 
endeavored secure relation between duration storm and rate 
rainfall. these diagrams, two curves were deduced, one 
expressing the rate rainfall, which rarely exceeded, and the other 
expressing the rate frequent occurrence. This equation rare 


hour for the time expressed hours. Likewise the formula for the 
1.75 
Judging from the records may said that this higher rate 
rainfall may expected any one station only few times cen- 
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tury. Judging from total years records from self-register- 
ing gauges, and from over 000 years from non-registering gauges, the 
rates which this formula for ordinary maximum rainfall gives will 
occur frequently two three times years. 

The real rate the rainfall causing the maximum discharge from 
given district will the rate which may expected for time 
equal that necessary for the storm water from the remotest part 
the drainage area flow and through the sewer the point under 
consideration. Comparing the district Mr. Grover’s paper with one 
the same shape and slope, and one-fourth the area—525 acres—it 
would fair assume, since similar areas are proportional the 
squares their linear dimensions, that the sewer the small district 
would one-half the length that the larger, and that the time 
flowing through the sewer one-half long. Saying, before, that 
minutes used reaching the outlet the large district, and for 
the purpose illustration, that five minutes this used reaching 
the street inlet, should have the time for reaching the outlet the 
small district the curve ordinary 


rainfall, seen that rainfall 2.33 ins. per hour may 


expected for minutes, while 3.23 ins. per hour may expected 
for 17.5 minutes. For the small district, therefore, 1.39 times much 
storm water per acre would have provided for the 
district. This evidently keeping with the Burkli-Ziegler formula 


which indicates that the discharge per acre varies that 
525-acre district will give 1.41 times much per acre area 100 


acres. the same way the McMath formula states that the smaller 
district will give 1.33 times great rate the larger district. 


similar comparison could made with districts other sizes with 


somewhat similar results. These formulas may then taken say- 
ing, general way, that the rate rainfall affecting the maximum 
flow sewer varies inversely some power the area. 

If, then, value the Burkli-Ziegler formula gives the maxi- 
mum for certain area, the same value ought, these for- 
mulas, give the maximum flow for any other Hence 
constant coefficient for all areas, and not the actual rate rainfall 
which gives the discharge from the district considered. will vary 


q 
' 
| 
{ 


202 DISCUSSION FLOOD WAVES SEWERS. 


with the climate, and, course, its value use will vary with the 
necessity for providing for rare storms. 

With this view clearly improper test the formula substi- 
tuting for the actual rate rainfall over the given district, and 
comparing the result with the actual discharge. erroneous use 
the formula therefore made the paper (page Volume 
and the diagram Plate when the Burkli-Ziegler and other for- 
mulas are used, find the storm water-flow the given district for the 
given rainfall. The Burkli-Ziegler formula for the assumed conditions 
gives 0.195 cubic feet per acre, while .385 the rainfall actually 
flowed off. This discrepancy not, then, argument against the 
validity the Burkli-Ziegler the McMath formulas. The experi- 
ments would, with more reason, furnish means determining the 
proper values for 385 cu. ft. per second (or some quantity 
determined from heavier rain) were the greatest flow expected 


from acres, then 385 1.322 and .939, and this 
would used for flow for areas other than 100 acres. 
The same error made page 42, Vol. XX, the Transactions, where 
the rate rainfall which may expected for minutes—the time 
necessary for the storm water reach the outlet—is used 

The usual phrase, ‘‘the average intensity (rate per hour) the rain 
during the period the heaviest fall” very indefinite; since, 
climate where the intensity varies greatly with the length storms, 
definite time must fixed. might claimed that if, say, 
the rain falling given instant reaches the sewer given 
time, and .385 substituted the Burkli-Ziegler formula thus, 


1.322 .385 the resulting value 136 acres, will the 


area for which should chosen, and the corresponding length 
storm would be, say, minutes. carrying the ma- 
thematical treatment too far. rather coefficient arbitrarily fixed, 
without regard area (probably corresponding rainfall for 
minutes). far the writer’s observation goes, the prac- 
tice with American engineers merely make 2,3 according 
whether they wish make provision for frequent for rare 
sometimes seems members the profession were using these 
formulas for the purpose very small pipe seemingly carry 
high rate rainfall. However, when properly understood, they be- 
come good guide our present knowledge will admit. 
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suggested Mr. Grover, the formulas quoted are not perfect. 
They take account the fact that long narrow districts will require 
longer time for the storm water reach the outlet than compact 
districts the same area, and hence, that the amount storm water 
concentrating the outlet will less. With fuller data from self- 
registering rain gauges, the relation between rate rainfall and time 
may definitely determined. This, with better knowledge the 
proportion rain flowing directly into the sewer, will enable the storm 
water determined finding the time necessary for the rain water 
the remotest part district reach the outlet and using fixed 
part the corresponding rate rainfall. 


Thus, the ordinary rate rainfall considering 


that the number inches rainfall per hour may used for the 
number cubic feet water per second falling acre, without 
material error, shall have the following formula for flow from the 
maximum storm. 

6300 


where the proportion rainfall flowing off immediately, the 
length sewer for the given district, the average velocity feet per 
second sewer, and the time seconds required for water reach 
the sewer inlets. 

While this method finding the discharge has been criticised 
account the introduction the element time, least rational 
and allows much safer use the engineer’s experience, 
since his knowledge its derivation will permit more satisfactory 
application its acquired data. 

the ratio the length sewers the area acres such that 
360 (length about three times breadth), and average 


velocity sewer ft. per second used, and 0.40, this be- 
comes— 


Storm cubic feet per second per acre 


Storm water cubic feet per acre 
For throughout the sewer ft. per second, 


will result. For suburban and country districts, lower values 
must used. the direction finding values for various 
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conditions that observations are needed, and further experiments may 
show that not constant. However, Mr. Grover’s work good 
step the right direction. 

Atva Assoc. Am. Soc. E.—In Mr. Talbot’s dis- 
cussion has clearly illustrated the use rate rainfall per 
hour the Burkli-Ziegler and McMath formulas. 

His pointing out the value the flow per second 
timely. 

some one will clearly illustrate the value slope) 
these formulas, think will appreciated. 


AMERICAN SOCIETY CIVIL ENGINEERS. 


INSTITUTED 1852. 


TRANSACTIONS. 


Norz.—This Society not responsible, body, for the and opinions advanced 
any its publications. 


587. 


(Vol, 1893.) 


THE TRANSITION CURVE—DISCUSSION 
PAPERS Nos. AND 576.* 


Mr. Conway Howard, page the Transactions for January, 
1893, questions ‘‘the merits formula general formula,” 
because the expression 
5729.65 
except when approximate value the radius corre- 
sponding D°.” 

original paper* stated that ‘‘In running circular curves, 
such chord length should taken that the arc and chord are prac- 
tically equal. Thus, for and curves, chord lengths 
100 ft. may taken; for 8°-curves 50-ft. chord lengths should 


*« The Transition Curve whose Curvature varies directly as its Length from the P. C,, or 
point where it connects with the Tangent,” by William Cain, M. Am. Soc. C, E., Vol. xxvi, 
p. 473; and Discussion on “ The Transition Curve,” by Conway R. Howard, Esq., and A. N. 
‘Talbot, M. Am, Soc, C. E., Vol. xxviii, p, 32. 

t See Vol. xxvi, p. 479. 
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used, and soon.” This common practice, far know, and 
was necessary recognize it. Mr. Wellington, the chapters 
his Field Book,” published Engineering News some years ago, 
strongly urges the formula for above general formula, and 
very generally used writers the transition curve, including Mr. 
Howard himself (see his Field 3). approximation, 
Mr. Howard suggests, well ascertain the errors made 
its use. 

the chord length used was that corresponding angle 
the center, then there would approximation the use the 
formula running circular curves. Thus, 10° curve such 
curve that 10-ft. chord length corresponds the center, then 
such chords correspond 10° the center, and the formula ex- 
actly applies, evident from figure giving portions and 
10° curve, included between two radii that make angle with 
each other. From similar triangles the radii are directly the chord 
lengths, 100, otherwise given the formula 

But practice inconvenient use such small chord lengths. 
The following table will show the amount the error resulting from 
using the formula for curves run with various 
chord lengths: 


5729.65 
Chord Length. | AngleSubtended| True Radius. 
Feet. 
4° 100 1432.69 1432.41 
8° 50 716.34 716.21 
10° 573.07 572.96 
16° 358.17 $58.10 
20° 20 4 286.54 286.48 
32° 12.5 179.08 179.05 
40° 10 os 143.27 143.24 
80° 5 - 71.63 71.62 


The first column gives the value (in this case) equal the 
angle turned 100 ft., using successive chord lengths given the 
second column, each subtending angle the center. The 
fourth column gives the true radius, computed from the exact formula, 
chord length sin. This differs from the results the 
approximate formula given the last column nearly 0.3 ft. for 


a 
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curve, and gradually diminishing 0.01 ft. for 80° curve, run with 
5-ft. chords. The errors made the use the formula question, 
when the curves are run described, are thus practically insignificant. 
For degrees curve between and 8°, ft., any convenient 
chord lengths varying from 100 may used, even divisions 60, 
etc., being preferred; similarly for intermediate degrees curve 
those given the table. fact, for the higher curves, much larger 
chord lengths could used, desired, without appreciable error. 

trust has been fully shown that the circular curve 
run with chord lengths, about equal those given the table, the 
formula for gives practically exact results; that all the funda- 
mental formulas the paper under discussion hold. 


If, however, all circular curves are run with 100-ft. chord 
lengths, then the formulas involving the paper above (as well 
paper 528, from (1) and (8), which does not involve (6) have- 


900 100 


where the radius corresponding Therefore, for the 
same 


giving Mr. Howard’s formula (a) paper 576, whence, finds, 


q=r ver. sin. 
which should replace formula (21). This value must likewise 
used (22), and the other formulas (9), (10), (12), (13) and one 
form (17) and (18) must modified since computed 
exactly using the value given above. 

This change, although easily made, cannot think desirable, 
would destroy the extreme simplicity the formulas mentioned, and 
thus would impair the usefulness Mr. Howard’s admirable concep- 
tion practice. 

The best reason, though, for not making any change, the fact that 
would wrong theory the circular curves are run, 
usual, with chord lengths less than 100 ft., when the degree 
curve exceeds, say, 4°. find that Prof. Talbot, his 
sive discussion the Transition Curve the Technograph No. 
uses the formula question, 730 regret that did not 


Tr c f 17 
(17), 
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meet with his article until after paper was published, should 
have called attention it. 

Let add, too, that resorted the developing the 
theory the transition curve, put the fundamental formulas upon 
firm basis, and not simply compute coefficients and angles with 
hair-splitting exactness. 

The only result aimed was practical exactness, which approxi- 
mate methods sometimes leave doubt. 

Further, may very desirable extend the coefficients, etc., 
beyond (Mr. Howard’s table extends only 12) which 
extension the method exposed readily lends itself. 

Mr. Wellington and Professor Talbot have both called attention 
the fact that, point the spiral where the degree curvature 
D°, the from station the circular curve this point, 
having the same tangent the same station the transition curve, 
equal the deflection the beginning the spiral from the tan- 
gent there, for equal length spiral both cases. This very 
easily shown from the approximate formulas given paper 528, pages 

Thus, Fig. that paper, call station and station 
Connecting and straight line, have from (7) and (23), angle 


Now, lay off the circular are LD, the distance are LL' 
stations. Connect and Pby straight line. the bottom 482, 
the deflection from tangent circular curve for one station was 

Subtracting from this the value angle above, have— 


L'LP 
which (19) approximately equals the deflection the beginning 


the spiral from the tangent for stations, which proves the 
proposition enunciated above. 
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THE IMPROVEMENT JAMES RIVER, VIRGINIA.* 


Reap May 3p, 1893. 


paper published 1888, Colonel Craighill describes the 
treatment several tidal rivers the Atlantic Coast, and observes 
that much detail was necessarily avoided. his reference the 
Dutch Gap Cut-Off James River, expressed the hope that further 
information that work, and other matters the James, would 
brought out the discussion his paper two members 


the Society, who had been associated with him dealing with that 
stream. 


The writer had been local charge the improvement from July, 
1874, the close 1881, but refrained from joining the discussion 


* A Supplement to so much of Colonel W. P. Craighill’s article as relates to this river. 
§ee “Some Observations on the Subject of the Improvement of Several of the Rivers of the 
Atlantic Coast,”—Transactions Am. Soc. C. E., Vol. XIX, p. 233. 


Discussions this paper before July 1893, will published 
number. 
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the paper account the engrossing nature other engage- 
ments 1888 and want information details that time. Mr. 
Burgwyn, the other member referred to, who was then local 
charge the work, responded, giving information details 
that time, and comments suggested his experience the work 
The writer returned his former position after the resignation Mr. 
Burgwyn the close November, 1891. 

The scope the improvement had been enlarged law, greatly 
increasing the magnitude the work; and was necessary examine 
critically the successive maps, reports and details surveys before and 
after 1881, order learn what had been done from year year, 
and the results. great deal information collected Mr. 
Burgwyn, especially the lower part the river, has yet 
fully considered. This paper, which the writer gives some the 
results his examination, submitted tardy response the 
invitation 1888, with hope that will more interesting from 
the delay. 

The article which this supplementary gives clear and con- 
cise history the work, the character the river and its bed, and the 
methods improvement adopted, including its regulation. The work 
still prosecuted accord with the plans therein stated, which are 
indicated the river itself. 

was recognized from the first that the cross-sections the river 
were due its slope, its fluvial and tidal discharges, and the character 
and conditions its bed, and not chance; and that under the 
same conditions the contours these sections could changed 
excavation hard material, and works regulating its width else- 
where, give such depths were needed and preserve approxi- 
mately the area which Nature had given. 

difficult see how anything more than general plan for the 
improvement such river the James can made advance 
even after such examinations are ordinarily practicable. The con- 
ditions works this character are varying and different from 
the indications even fair examination, that something must 
left judgment and experience each individual case. 

this tentative,” the writer agrees with Colonel Craighill 
thinking that the improvement the James must more less so, 
secure the best results. 
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The James River proper formed the confluence the Jackson 
and Cowpasture, few miles east Clifton Forge, Va., and 
miles long thence tide-water Richmond. this distance the 
fall ft., average 4.34 ft. the mile; the last miles 
above tide the fall over bed graniterock. The tributaries 
mentioned have their sources the eastern slope the Allegheny 
Mountains, and ridges parallel and eastward that range. 
Several tributaries both these branches the James, and other 
branches its left bank west the Blue Ridge, interlock with those 
the south branch the Potomac. 

The Potomac and the James have similar area drainage. 
both there are frequent ridges parallel the Allegheny with steep 
slopes, separated narrow valleys. Both rivers break through the 
Blue Ridge, and both enter tide-water after heavy fall for 
miles. The James above Richmond has scarcely two-thirds the drain- 
age area the Potomac above Washington, has more rapid fall, 
longer distance traverse east the Blue Ridge, and its bed 
higher level. Their sources are approximately the same height 
above tide, and their discharges are subject great fluctuations and 
cause violent freshets. 

The James carries the drainage more 000 sq. miles 
Richmond, and its whole length Hampton Roads about 500 
sq. miles. Probably one-half this area mountainous, and all 
above Richmond there lake natural pond worthy mention 
known the writer. 

The river was carefully gauged the summer 1877 Colonel 
Cutshaw, Am. Soc. E., the city engineer Richmond, 
when its flow was less than ever known before from any available 
record, and was found 332 cu. ft. This measurement 
confirmed the distance below the head the tide which the 
tidal basin filled the discharge very low stages the river, e., 
the point where the flood-tide current ceases. great freshets the 
discharge probably exceeds 300 000 cu. ft. 

The greatest freshet which there authentic record was 
November, 1877, when the rise was 28.6 ft. above mean low tide 
Richmond.* One 24.3 ft. occurred 1886, one 25.2 ft. June, 


* All measurements which would vary with the stage of the tide are referred to mean 
low tide unless otherwise stated. 
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1889, and another 22.5in August thesame year. Including these, 
only have reached height ft. more since December, 1876, 
and, these, five occurred 1886. There have been rises reported 
between 1876 and 1893, not inclusive, which were from ft., 
from ft., between and ft., and over ft. The 
average all 11.33 ft. 

The fall below Richmond inconsiderable. The difference level 
between mean low Richmond and Dutch Gap, from nine months’ 
observations with registering gauges 1875-76, did not exceed 0.3 ft., 
the distance being miles the the bend. This was 
the difference excluding only rises exceeding feet, the mean rise and 
fall tide being 3.6 and 3.3 ft., respectively; and the lowest stages 
the river, the difference should even less. not likely that 
the fall the 101 miles from Richmond Hampton Roads ft. 
such stage. 

the great freshet 1877 the fall between Richmond and the 
entrance Dutch Gap Cut-Off was 10.88 ft. 6612; through the 
cut-off (600 ft.) 2.15 ft., City Point, 18} miles, 
10.99 ft., 8678; and for miles below, 758. 

The range tides varies with the width the river and with the 
discharge near Richmond. The range Newport News 2.3 
ft.; the junction with the Chickahominy, 2.0; City Point, 2.5; 
Dutch Gap, 3.3; and Richmond, 3.6. The tidal wave arrested 
the Falls Richmond, the tidal basin limited thereby, and de- 
sirable maintain the area covered the upper reaches, 
stated Colonel Craighill his article. 


The fluvial discharge decreases the tidal range, shortens the dura- 
tion the flood, and lengthens that the ebb; and when about 13} 
ft., the tide imperceptible the gauge Richmond. 


rate propagation the fiood tide from Fort Monroe 
Richmond averages 18.8 ft. per second, about miles per hour. 
The average velocity the water the swiftest period the flood 
tide about ft. per second, say one-ninth that the flood-tide 

The sectional areas the river sundry points tide-water are 


follows: those below Curles are taken from Mr. Burgwyn’s report 
1885. 


* Report of Captain Thomas Turtle, Corps of Engineers, June, 1883, 
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Miles below Richmond. Square ft. 


Richmond Bar............ 331 
Bermuda Hundred.............. 725 
Rocklanding Shoal ................ 305 777 


not probable that the great increase area below Bermuda 
Hundred, which just above the junction with the Appomattox, can 
due the increase tidal and fluvial discharge. may have 
some connection with the change direction the river that 
point. 

Like the Potomac and several other rivers the Atlantic slope, 
the James has considerable fall over granite rock just above the head 
tide. This the most easterly outcrop any large area that 
character, and has between Richmond and Petersburg little 
east south. must have been ridge, since the coal beds the 
Clover Hill mines miles west this trend are 600 ft. below tide 
level. 

The general course the river for miles above Richmond 
about 14° south east, approximately right angle with the direc- 
tion the ridge; Richmond turns directly south, and miles 
below little more than mile farther from the head the Falls 
than its abrupt departure from its previous course. thus skirts 
the slope the rocky ridge for about miles, which, with its hard 
overlying material, may have affected the regimen the river far 
the sudden change its section where resumes its more eastern 
course. this point, the junction with the Appomattox, the line 
the rock miles west and the general direction the river becomes 
28° south east its mouth, 69} miles airline. The granite 
here supposed from 200 1000 ft. more below tide level. 

For about miles below the entrance the Richmond Dock, 
the bed the river more less soft disintegrated gneiss, con- 
taining boulders considerable size, some strata harder rock, and 
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reefs granite gneiss. The most considerable the reefs are 
Rocketts, near the city limits, and Goode’s Rocks, miles below. 
This bed was formerly covered with sand and gravel, and with boulders 
water-worn, but not rounded, the lighter parts which have, for the 
most part, been swept away where the surface has been contracted 
works regulation. Rock found small reefs Richmond Bar 
ft. below datum too hard for the dredges employed. disappears 
mile lower down ft. and afterward makes its appearance one 
two isolated points small area the right bank that are ob- 
struction the channel. For miles below Richmond Bar the 
river-bed sand, with coarse gravel and some boulders, varying 
and generally increasing depths, and the cobble has been found ft. 
below datum shoal miles below the city. 

Between Drewry Bluff, miles below the city, and City Point, 
distance miles, the river generally ample depth; but there 
are shoals intervals where the current crosses from one bank the 
other. Seven these shoals remain with less than the required depth 
datum. 

City Point the river becomes estuary. brackish for 
miles above its mouth. The widths and depths are greater than above. 
There are seven shoals which require deepening for the new project. 

While the river-bed, above City Point, described, least 
the shoals, its banks, where more than ft. above tide, are often 
indurated clay, nearly black color, the top which can seen 
intervals few feet above low tide. this rests sandy gravel 
covered with varying depths yellowclay. The indurated clay forms 
the bed Dutch Gap Cut-Off, and can seen Drewry and Chaffin 
Bluffs and other points above. similar bed indurated material 
found points east City Point below tide level. This clay wear- 
ing away slowly where impinged the current, and places small 
areas have been undermined and swept away since the writer first ob- 
served 1874. But the river banks, above City Point, are 
means unstable compared with those rivers flowing more re- 
cently deposited material. The shoals have been very permanent 
position, extent and depth. 

The first appropriation made Congress, after the Civil War, was 
$50 000, July, 1870. the preceding five years the City Rich- 
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mond had expended about $70 000 work sundry points, and 
certain extent navigation had been resumed. 1871 the city made 
further appropriation $250 000. 

The first efforts the engineer officer charge the im- 
provement were directed the removal obstructions placed the 
river during the War, the improvement the channel through Rockett’s 
Reef, the worst obstruction the river, and the opening Dutch 
Gap Cut-Off navigation. great freshet, which occurred October, 
1870, rising ft., had reduced the depth Richmond Bar and 
Trent’s Reach ft. The reopening navigation least the 
conditions before 1861 was superior consideration any other 
that time, and all available means looking that end were used 
secure it. January, 1872, the obstructions had been removed, and 
the cut-off opened navigation with depth sufficient for the largest 
class vessels then the trade with Richmond. Many the more 
dangerous points Rockett’s Reef had been removed, and, later on, 
channel ft. wide was completed through it. 

that time the city was dredging the shoaler parts the chan- 
nel and constructing training walls dikes behind which the dredged 
material was deposited. After this, the operations the city were 
carried conjunction with those the United States, and under 
the approval the engineer officer for several years. The project 
that time was secure depth ft. full tide channel 180 
ft. wide, from the Richmond Dock Harrison’s Bar, 37} miles below, 
with 18} ft. rock excavation. Operations were directed this end 
until 1884, when Congress adopted the larger project under which the 
work now prosecuted. 

Under the older project the work was comparatively limited. The 
rock excavation near the city, although large amount, had smaller 
percentage which required blasting, and considerable areas that were 
below datum require removal under the enlarged plan. 
The channel below Warwick Bar, miles from the city, needed 
improvement except the removal artificial obstructions, and 
deepening the shoals Kingsland’s Reach, Varina, Harrison’s Bar and 
Goose Hill Flats, near Jamestown. Reach was avoided 
cpening Dutch Gap. Rock excavation did not extend Richmond 
Bar under that project. The plan improvement below this rock was 
use contraction alone, except where dredging was necessary hard 
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material, for other reasons, such the more speedy relief com- 
merce. 

The sections the river which had the requisite depth and width 
channel were first assumed have the proper widths for the 
vicinity, and training walls were placed corresponding distance 
apart, from the opposite shore. This improved the channel, but the 
contraction was generally found insufficient. 

The first survey, under the direction the engineer officer, which 
covered any considerable stretch river, was made Mr. William 
Popp early 1874. This extended from the foot the Falls near 
Varina, miles below, including the bend The sound- 
ings were taken right angles the current, frequent intervals, 
and readily gave the sectional areas. These were found increase 
regularly, accompanied with irregularity width and depth. The 
areas ascertained, the width the regulation could approximately 
fixed. 

The river near Richmond was narrow, varying surface-width 
from 400 200 ft. the first miles. was important contract 
this more than would prove sufficient for the project. The charac- 
ter the bed was unknown any considerable depth many places, 
and was uncertain how far the deepening shoals and the opening 
the cut-off would affect areas above and the range tide. 
preserve this width, far practicable, the more flexible plan 
wing dams was adopted for regulating the width, with the expectation 
that their outer ends would connected training walls some 
future time. 

The wing dam can extended, necessary, for considerable 
increase cost—if found too long, reduction easy. The lines 
regulation can modified direction width, whenever change 
advisable, fraction the cost which would necessary training 
walls are used. The latter were used only exceptional cases after- 
ward until the regulation was sufficiently advanced warrant their 
use connecting the outer ends the dams. 

The regulation for the old project was completed Warwick Bar 
1884, and had been applied connection with dredging Varina 
miles below Dutch Gap. Operations further east, Curles, Har- 
rison’s Bar, Swan’s Point and Goose Hill, were confined dredging 
alone; those below City Point, account the great expense 
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building and maintaining any work regulation, and for reasons per- 
taining navigation those wide parts the river. 

The scour from between the wing dams was deposited below, 
especially shoal between them and deep water Drewry Bluff, 
which was sufficient depth before and became apparent that the 
regulation must extended over this shoal distant day. But 
the original project was well advanced 1884, needing only the longer 
action the current between the wing dams and the widening and 
deepening few places solid rock. that time vessels drawing 
ft. were taken from Richmond the sea over shoals which had 
more than 10} ft. them full tide 1870. 

1881 Congress directed survey and estimate made and 
submitted for enlarged project. This was made Mr. Burgwyn, 
under the direction the engineer officer charge, and included 
borings the bed the channel wherever had less than ft. 
depth full tide. 

July, 1884, Congress adopted the project looking ft. 
mean low tide from the sea Richmond, the width 400 ft. from 
the sea City Point 300 ft. thence Drewry Bluff, and 200 ft. 
thence Richmond. This increase depth channel, which 
ft. near Richmond, almost exclusively rock for miles below the 
city limits; and, although the larger part can removed dredging 
alone, the estimated cost this section was more than half that the 
entire project. Elsewhere the increase cost, although large 
comparison with the old plan, very small when the increased benefit 
considered. The cost the enlarged project was estimated 
about 800 000, and, this, $812 500 has been appropriated, including 
$200 000 July, 1892. 

Nothing has been done towards the new project below Dutch Gap, 
except surveys and the deepening Swan’s Point shoal. The cut 
Dutch Gap has been enlarged and deepened. Training walls have 
been constructed the shoal Kingsland Reach and 
dredged the required depth. large amount dredging has been 
done between Richmond Bar and Drewry Bluff, and the old line 
regulation above Warwick Bar changed for the new project and 
extended deep water the bluff. 

Rock excavation between the bar and the city limits has been 
prosecuted fast means would permit. The channel through 
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Goode’s Rocks, which was found advisable excavate entirely 
distinct lines from the old, owing the increase depth and 
other reasons, now ft. wide and generally ft. deep, but not yet 
available for navigation. the softer rock above, the channel, with 
minor exceptions, ft. deep the Chesapeake and Ohio Railway 
wharves, with considerable but disconnected excavations between them 
and the city. 

contract has been made, under the appropriation 1892, for 
work the whole distance sea wherever there are less than 
ft. the channel low tide. The works regulation are designed 
secure the widths and depths the full project. rock excavation 
where blasting necessary this depth will secured, but not for the 
required width. Where dredging alone done, the depth will not 
less than ft. The contract expires limitation December 
1894. 

The examination surveys heretofore mentioned made the 
writer was especially directed the line improvement from Rich- 
mond Bar Drewry Bluff, distance miles, where the most 
extended works regulation have been tried. The areas, 
surveys were computed. The depths had been taken lines right 
angles the current, and except that 1874, heretofore mentioned, 
ft. apart across the stream. The lines were usually the sites 
wing dams alone, but some surveys included intermediate lines. 

This stretch was divided into seven sections, four representing, 
near may be, where the current follows one side the regulating 
works, and three where changing from one side the opposite. The 
sections are shown Plates XXXI and XXXII, Sections and 
representing the conditions first mentioned, and alternates, the cross- 
overs. Sections and the centers cross-overs are and mile 
above those previous the regulation, change due the rectifica- 
tion the irregular courses the channels above and below and the 
abrupt changes the current from one bank the other the shoals 
between, scarcely marked any distinct channel. 

The mean width, area and depth each these sections and their 
ranges, and the least and best channel depth not less than ft. wide, 
the first five, which include Richmond and 
Warwick Bars, these items are given from and after 1884, when the new 
project was adopted; the other two, from 1887, when that part the 


o 


STATEMENT 


Mean SEVEN SEcTIONS JAMES VA., BETWEEN RICHMON 


1892. MEASUREMENTS FEET 


Section 1. Richmond Bar, 2 479 ft. Section 2. A Cross-Ovw 


1874, | 1884. | 1885. 1887, 1888. | 1889. 1892. | 1892. 1874, | 1884. | 1885. 
Least surface width ee 435 434 437 434, 440 435 437 || ‘980 410 410 
Greatest 1210 467 467 467 465 470 467 467 || 1 065 463 463 
Mean «| 1 O82 443 444 446) 444) 447 446 446 1 051 424; 427 
Least crosa-section ...........+ .| 5 159 | 5 642 | 5 742 | 5 909 | | 5 471 | 5 969 | 6 100 | 5 993 || 5 670 | 6 024 | 6 158 
Greatest * coccecececccccscoe| 6 Gee | Olen 1 OS 6 168 | 6 115 6 702 | 6 569 | 6 562 | 7 034 | 6 332 | 6 368 
Mean ” ee cecescccceccess| 6190] 5 933 | 5 898 | 6 USL | 5946 | 6 412 | 6 330 | 6 273 || 6 614 | 6 203 | 6 246 
Least mew depth of section. . eeseseess| 4.76 | 12,08 | 12.32 | 12.83 | 12.41 | 13.44 | 13.46 | 13.50 5.79 | 13.68 | 13 46 
Greatest ad - eeccceseee! 7,80] 13 94 | 13.96 | 14,02 | 1891 | 15.16 | 14.80 | 14.90 6.70 | 15.16 | 15.20 
Mean depth of all sections............| 5.57 | 13.88 | 13.27 | 13.51 | 13.41 | 14.34 | 14.19 | 14.10 6.29 | 14,60 | 14,65 


Least channel depth, 80 ft. ,Wide.. 


8.1 | 144 | 14. 14.6 (14.8 15.5 | 15.0 |15.0 || 9.3 |14.4 | 144 
Best ” 


15.4 |16.3 | 16. 15.6 | 15.3 (17.2 |165 | 163 154 |16.2 | 16.1 


Section 4. A Cross-Over, 3 361 ft. 


1874. | 1884, | 1885. | 1887 188. 1889. | 1892. 1892. 1874. | 1884. | 1885, 1887, | 1888. 


Least surface width ........ 800) 530) 526) 540 | 431 | 435 433 | 434 580| 558) 554| 458 
Greatest 895/ 590) 600 605; 458) 460) 460 660) 690) 681) 550 
Mean 846) 563) 576) 439) 442 440) 441 574| 499 
Least cross-section..............++++++-| 6 147 | 6920 | 6675 | 7 083 | 6 738 7 398 | | 7113 | 6979 || 8 104| 7 822 | 7 855 | 6 875 | 6 889 
Greatest “ eoeces seeeeeeses| 8578 | 7 938 | 7 855 | 8 784 | 7 637 | 8 299 | 8 124 | 8 140 || 10313) 8 375 | 8 335 | 8 724 | 8 031 
Mean 7 916 | 7 364 | 7 314 | 7 813 | 7 201 | 7 908 | 7 746 | 7 604 || 9 7 992 | 8 008 | 7 932 | 7 482 
Least mean depth of section...... 7.86 | 11.96 | 11.52 | 12.28 | 15.45 | 16.85 | 16 31 | 16.00 9.66| 12.66 | 11.85 | 11.96 | 13.85 
Greatest “ seeeececees| 10,18 | 14,23 | 14.18 | 15,72 | 17,13 | 18.27 | 18.31 | 18.30 || 14.13] 14.23 | 14,18 | 15.72 | 16.25 jf 
Mean depth of all one, rrrrttr . 13,09 | 12.98 | 13.56 | 16.38 | 17.90 | 17 60 | 17.23 || 11.61) 13,29 | 13.18 | 13.82 | 14.99 J 
Least chanvel depth, 80. ft. wide.. 13.1 | 14.2 | 15.1 | 16.9 | 183 | 18.0 | 180 14.2) 14.3 | 15.1 | 15.8 | 16.1 
Best 14. 155 | 161 18.1 | 19.8 | 202 | 19.3 22.0 | 174 | 16.9 | 19.4 | 19.3 


minor differences widths from year year statements are due sundry causes. There 
indicates injury by flood or ice. 


| 
| | 
1887. | 1888, 
408 
463 461 
419 
6 145 | 5 974 
6 842 | 6 268 
6 376 | 6 093 
13.29 | 12.96 
15,68 | 15.33 
14.99 | 14.58 
15.3 | 14.9 
16.7 | 16.5 
4 


ENT 


ion 2. A Cross-Over, 1 877 ft. Section 3. Randolph Flats, 3 340 ft, 


May, Oct., || | May, Oct., 
B5. | 1887. | 1888, | 1889. 1892. 1892, || 1874, 1884. 1885. 1887. | 1888, | 1889, 1892, 1892" 
| 
10 409 408 323+ | 353* 349* || 895 | 440 440 440 409 407 406 407 
63 463 461 460 467 466 |) 990 530 | 626 540 439 440 438 438 
m27 425 419 373 401 383 |) 955 490 492 502 417 419 418 418 
58 | 6145 | 5974| 5099 | 6372 6213 || 6670 6 202 6 158 6 812 6 230 


6 560 6 836 6 685 
B68 6 842 | 6 268 6779 | 7108 7209 || 8091 6 970 6 742 7 37 


7 6 738 7 346 7123 7 209 


| 6376 | 6093 | 6184 | 6 635 6316 || 7176 6687 | 6440, 7147 6 404 7 045 6 914 6 870 
46 | 13.29 12.96; 14.15 | 13,82 14,00 5.38 12.63 | 12,54 13.08 14.65 15.68 15.82 15.70 
.20 | 15,68 | 15.33 | 1810 | 18.05 18.80 | 9.04 14,31 14,32 15.57 16.11 17.92 17.38 17.50 
$.65 | 14.99 | 14.58) 16.35 | 16.58 16.50 || 7.61 13.65 13.08 14.23 15.37 16,79 16.50 16.43 
4 (16.3 | 14.9 166 | 161 16.1 || ,,9.3 44 142 15.4 16.0 16.9 17.1 17.3 
1 | 16.7 | 16.5 18.3 , 20. 21.0 \| 14.0 15.2 15.3 16.7 18.2 21.0 20.5 205 


feet reduces width. 


ion 5. Warwick Bar, 4 841 ft. Section 6. A Cross-Over, 2 928 ft. Seetion 7, 2 066 ft. 
| May, | Oct., 7 | oq | May, | Oct., | - May | Oct., 
5. | 1887, | 1888. 1889. 1892. 1992 || 1874. | 1887, | 1888, | 1889. 1892, | 1892 || 1874. | 1891, 1892. 1892. 
554 487 | 458 460 456 460 580 618 §23 527 523 520 700 520 523 523 
990 «681 550 560 | 569 563 || 710) 577) 577 684 577 568 770 568 583 575 
308 | 574 499 505 | 511 | 507 || 652 555 558 560 550 ! 540 726 540 536 533 
55 6 875 | 6 889 7 503 7 561 7 627 || 8 104 | 7331 | 8018 | 8589/8495 8455 || 9327 | 8366 | 8589 | 8518 
5 


8724 | 8031) 8776 8 781 
pos | 7932 | 7482) 7962 8 043 
85 | 11.96 | 13.85 | 14.02 14.35 


8 617 || 9359 | 8 173 | 8435 | 9705/8781 | 8824 || 10 854 | 8 785 | 9092 | 9 044 
8 02] || 8712 | 7 749 | 8235 9113 | 8648) 8608 9 888 | 8 577 | 8 743 | 8 807 


14.30 || 12.35 | 13.65 | 14.53 | 15.40 | 15.00 | 15.23 12.42 | 15,32 | 14.73 | 15,26 
18 | 15.72 | 16.25; 1804 1781 17.70 || 14.19 | 14,24 | 15.35 | 17.60! 16.79 | 16 84 14,49 | 16,80 | 17.35 | 17.26 
18 | 13.82 | 14.99 | 15.76 15,74 15.83 || 13,37 | 13.96 | 14.77 16.27 | 15,72| 15.93 13.72 


16.18 | 16.31 | 16.53 
18.3 | 17.6 | 18.0 
21.2 || 21.3 | 18.6 | 18.9 | 222 | 21.6 | 21.2 21.4 | 229 | 23.4 | 22.8 


| 15.8 | 16.1 18.2 17.3 17.2 17.0 | 17.6 [17.6 | 18.6 | 16.5 16,t 165 
| 194 | 19.3 22.3 21.6 


causes. There was usually no change in the width of regulation where it is less than 6 ft. A large increase 
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regulation was begun. The corresponding items 1874 are given for 
comparison. Three older surveys than 1884 are referred State- 
ments and which also give the range freshets that occurred 
between immediately before the surveys. 

The positions the wing dams, and the lines which they will 
extended under the contract, are shown Plates XXXI and XXXII, 
and statement the amount training wall already constructed, 
connecting their outer ends, can found Statement This 
also shown the map. 

Statement shows that the areas after contraction soon became 
about the same 1874. They vary with the power the freshets, 
and sometimes diminish periods drought after the abnormal 
scour great freshets. October, 1892, the areas averaged 95% 
1874, varying from 101 the former where the works have been 
longest service. The widths were then 56% 1874, varying from 
83, and under the present contract will made from 69%, 
from 370 500 ft. The widest these sections 1874 was the 
first, and the narrowest, the sixth. The regulation reverses this 
making the greatest contraction above, where the natural channel 
depth was least, with the intention make the contraction more 
any point than needed maintain the minimum requirements 
the channel this part the river. 

diagram giving the heights freshets since 1876 shown 
Statement and, connected with it, percentages widths, areas and 
depths successive periods compared with those 1874, considered 
100. The ranges channel depths are given feet. Those previ- 
ous 1887 are for the parts the river which were under regulation 
the time the survey, and have proper ratio those later 
date, which are restricted Sections and These were selected 
because the regulation was there completed provisional lines, with 
training walls constructed and the surface-width constant since the 
contraction made 1887-88, offering the fairest conditions for compari- 
son from year year. 

This contraction was Section and 24% Section 
surface area, and cut off 144% the solid areas; 168 000 cu. yds. 
from the two sections. estimated amount 160 000 cu. yds. was 
dredged previous May, 1889, which represents average increase 
ft. mean depth the contracted width.* The statement 


“*This was taken from a strip never more than 100 ft. wide. There was no trace of it in 
1892, but there was nearly uniform increase depth the cross-section. See Plate XXXIV. 
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STATEMENT (see 


Locality of 
da 


an 
direction of current. 


First— 
Lower part of Rich- 
mond Bar.......... 
Curve right 000 
ft, radius .......... 
Second— 
Cross-over to Ran- 
dolph Flats... ... 
Curve, right, 24 000 ft. ; 
straight. 478 ft.; 
curve, left, 14 000 ft. 


Third— 
Randolph Flats ...... 
Curve, left, 14 000 ft. 
ccc cccccces 
Fourth— 
Cross-over to Old War- 
wick Bar........... 


Straight 


Fifth— 
Old Warwick Bar ....! 
Curve, right, 377 

000 radius; 978 
4 900 radius; 466 ft.,, 
15 000 radius....... 

Sixth— 
Curves right and left, 

000 and 000 
. 
Seventh— 
Approaching Drewry 
Curves left of 16 000 
radius and 2 400 
TACIUS 


From wing dam to wing 
dam, and distance, 


36 to 45 
ft. 


877 ft. 


54 to 70 
340 ft. 


103 


841 ft. 


103 116 


ft. 


116 132 


ft. 


Mean widths, areas, depths and channel 
depths at sites of wing dams in 1874. 


082 


051 


Area, 
Depth. 


5.6 


6.3 


eel 


955 


846 


726 


ee 


712 13.4 


13.7 


Mean widths, areas, depths and channel 
depths wing October, 1892. 


Best channel) Greatest 
depths 80 ft.| depths in 
these ft. 
Min. | Max. | Min. Max. 
| 
14.0 | 14.0 | 14.5 
12.5 | 14.7 | 13.7 | 17.0 
22.0 | 14.5 23.0 
17.0 | 21.3 | 17.5 | 23.0 
16.5 22.4 | 17.0 | 23.0 


Width. 


Area, 


Depth. 


8 807 


15.9 


16.5 


Best channel 
depths 80 ft. 


wide, these 


Min. 


18.2 


eel 


Max. | Min, 


16.3 16.2 


21.0 18.3 


20.5 | 20.1 


19.3 18.8 


Greatest 
depths in 


Max. 


3 


, | | | 
| | | | 
| | 


STATEMENT (see Map No. 


Mean widths, areas, depths and channel 
mens in 1874. depths at wing dams in October, 1892. 1998 ) 
Greatest | Best channel| Greatest 
depths in a j|depths 80 ft.) depths in a 


| 14.5 23.0 | 507 | 8 O21) 15.8 | 17.2 | 21.2 | 17.9 | 23.2 | 528 | 8 05 


! 


| 
J 


No. 1). 


Mean widths, areas, depths and channel 


depths on intermediate lines, October, 
1892. 


Width. 


Area. 


8 059 


8 674 


288 


Depth. 


Best channel| Greatest 
depths 80 ft.| depths in 
wide. these 80 ft. 


Min. | Max. | Min. | Max. 


14.1 15.0 16.8 16.4 17.5 


15.6 18.6 22.5 19.0 24.2 


. 


Works of Regulation. 


Training walls on right side of brush or stone except for 400 feet. 


training walls left side except 650 ft. sheet piling below 
wing dam 464. Wing dams on both sides, 


Training wall brush continuous right side 


{ Training wall 52 to 54 ft, on leftside, 479 ft. only. Wing dams on 
both sides, The United States Monitor fleet moored on right side 


since spring 1889, occupies 650 ft. length, reducing mean 
width ft. 


Training wall of brush on the right side except from 67 to 69 ft. 


Training wall brush left side except 100 ft, openings below 
62, 64, 66,68 and 70 it. Wing dams on both sides, 


: 7 walls on both sides except 100 ft. openings below 70, 72, 


74, 76, 78 and 8U ft. Wing dams on both sides, 


( No training walls on right side, Training walls of brush on left 
side 84 to 96, 2 860 feet. Wing dams on both sides, except for 
981 ft. below left bank. Wing dams right bank short- 


ened by freshet 13 to 30 ft. since 1888, increasing width of 
water-way 5 per cent, 


{ No training walls on either side. Wing dams on right bank built 
{in 1887-88, and two on left bank in 1891, covering 369 ft, 


Upper wing dams shortened by freshets 3 to 23 ft. Water-way 
increased 2 per cent, 


Wiug dams 117 and 119 built on right side in 1888-89; none below. 


Wing dams 118 and 132 built left side 1891. 


| 
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shows increase depth culminating the remarkable freshets 
1889, which additional amount cu. yds. was 
swept from between the training walls, leaving the areas within 
1874, with only the old width. 

The mean depth decreased and the mean channel depth nearly 
2%, after these freshets, the decrease more Section which the 
cross-over. But the limiting depth the channel improved over per 
cent. The channel depths these statements give fairer indication 
improvement than mean depths areas, the latter, taken 
shortly after contraction, show too great mean depth and too small 
area for purposes comparison. 

Statement which confined Sections and throughout, 
the sections are separated—the latter cross-over. approxi- 
mately 000 ft. long, and the regulating works are straight lines, 
widening uniformly from 439 460 ft., and are separated more than 
those Section where the current follows the right bank curve. 
The items are given feet, and show the effects the freshets 1877, 
1886 and 1889. 

The conditions these sections have been reversed direction 
current during the progressive regulation. Section covers for the 
most part the former shoal known Randolph’s Flats, which was 
cross-over, while the current Section followed the right bank 
for the most part the same period. 1874 the width Section 
was less than Section now more. The mean depth 


Section was greater, and remains greater. The channel 


depth-was more, and now less but the two have now nearly 


greater depth channel than then, and the limiting depth for 
navigation has been increased ft., 86°% over 1874. The area 
each within the lines regulation that had 1874, from 
bank bank. 

The effects regulation are still progress where the nature 
the bed permits. The current has not fully changed the channels for 
the new lines the cross-overs. The old bars have been deepened 
sufficiently for the present needs navigation, but the effects former 
shoals are seen the narrow widths the channels where they ex- 
isted, and the same may said opposite effect due the deeper 
reaches 1874. The wide channel between contours ft. Sec- 
tion compared with Section shown Plate which 


| 
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the writer thinks will modified when the effects regulation have 
been longer felt. 

but the enlargement between contours ft. due another 
cause. fleet Monitors has been moored within the lines 
regulation, the right side, since early 1889, and for the time has 
decreased the width, and the mean depth has increased. These ships 
have very flat bottoms, and deposit has been forming under them for 
their full width. This has been dredged once, and must soon 
dredged again keep them afloat. The depth water under them 
when first moored was about feet. 

The result regulation will decrease the range width and 
depth. The plainly due some stage the river, and will 
not vary materially long the discharge remains the same char- 
acter and extent. 

The wing dams and training walls used are simple and inexpensive. 
the part the river under consideration the depth the lines 
wing dams averaged 11} ft. with extreme ft., and their cost was 
$3.47 per linear foot contract. The training walls were built 
average depth ft., with extreme ft. for the same price. 
Under the present contract the price for wing dams and for 
training walls $2.50. 

The wing dams are sheet piling ins. thick, driven 
more feet into the river-bed, supported round piles driven ft. 
between centers, braced from second row driven ft. lower down 
stream. The up-stream face the sheet piling protected with mats 
ordinary brush fastened with galvanized wire. These mats are 
ft. thick and ft. wide, project beyond the end the dam, and are 
loaded with stone gravel. The sheet piling spiked wales 
bolted the piles, and capped with 3-in. stuff. Its upper surface 
the level mean high tide. The shore ends rise with slope 
varying heights, and are protected with cluster white oak 
piles driven the outer end left high enough for mark ordi- 
nary freshets, and also protection tothe dam. Materials from ex- 
cavation, stone and gravel especially, are then dumped the upper 
side and outer end. the outer end well protected this way, the 
dam rarely injured. 

The training wall consists two rows piles ft. apart, driven 
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ft. between centers, filled with brush from any live timber. The 
bottom layer made saplings fastened with wire sections ft. 
long, placed right angles the current, projecting ft. front 
and ft. rear the wall. This layer loaded with stone 
gravel. Above this are packed tiers brush cross-ways the first, 
between the piles which are left ft. above low tide. The 
piles are then bound together both directions near their tops with 
No. galvanized wire wound around them six times. When the 
brush settles with the silt which fills it, more added, the transverse 
wires being temporarily removed for the purpose. The wall then 
gradually loaded and revetted from excavation. way both dams 
and walls become embankments imperishable material, the core alone 
being the original structure. The piles, except stated, are the 
ordinary second growth pine the vicinity, and the timber, except 
for wales and braces, good merchantable pine. 

Some the wing dams are years old and efficient ever. 
Several have been shortened freshets, owing insufficient protection 
their channel ends. None the training walls have been injured 
ice. The brush the now about the level 
low tade. 

Returning the consideration the seven sections mentioned, 
may interesting compare the effects wing dams and training 
walls the channel far has been observed. 

the whole distance, 000 ft., there are 800 ft. with training 
walls both sides, and 700 ft. with them one side, connecting the 
ends wing dams previously built that extend the old banks 
the river. There are5 500 ft. with wing dams alone both sides, and 
000 ft. with them one side only. The examples these conditions 
are found Sections and for training walls both sides Sec- 
tions and for walls one side and dams the other, and 
Sections and for dams alone one both sides. 

Statement will found the mean width, etc., each section 
taken the sites wing dams 1874 and 1892, and third column 
items lines about apart between the wing dams 1892. 

The intermediates include such distances inside the ends the 
dams boat could float, and not many cases reach the low tide 
shore. The widths and areas given are therefore slightly less than 
they should be, while the mean depths are less from including the 
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shallow areas inside the ends the dams. The training walls, earlier 
built, were placed ft. inside the ends the dams, but later ones 
only This slightly affects the widths and areas where there 
are training walls, which are thus uniformly greater intermediate 
lines, while the mean depths are never so, and are usually less than 
lines taken the wing dams. 

The channel depths show material difference the effect the 
current intermediate lines either the three conditions com- 
pared with those the dams. The details from which these means 
were taken show the same favorable comparison. 

Nine the wing dams Sections and were shortened from 
ft. freshets before they could revetted with material from 
excavation. This explains the large increase mean width over that 
the fourth section. Thesixth, which also cross-over, even wider 
than the seventh. This has impaired the effects regulation, 
seen the channel and mean depths when compared with the section 
above; but Sections and none the less show the equality depth 
intermediate lines with those the wing dams. 

The following table gives the average channel depths available for 
navigation with their ranges, opposite the wing dams and inter- 
mediate lines below them, which further illustrates the conditions 
given Statement and, incidentally, comparing the three condi- 
tions, the effect the channel from widening contracting the lines 
regulation.* omitted this table because the river-bed 
has been material practically immovable the current for several 
years; and Section because the regulation there has not had the 
effect any considerable rise the river. 


| 


2 and 5. 


[Sections Training walls or 


| Section 6 Wing 
Training walls on) 


dame alone on one 


wing dams, both 
both sides. aio. or both sides. 
nel | channel nel channel nel channel 
depth depths. depth depths. depth.| depths. 
| Feet. Feet, Feet. Feet. | Feet. Feet. 
On line of wing dams........ 18.70 (17.3 to 20.5) 19.17 |17.2 to 21.2) 17.95 [16.4 to 19.7 
--| 18.66 /|17.6 to 20.2! 18.92 /|16.2 to 21.0) 17.80 (16.4 to 19.5 
dos 18.24 /|16.9 to 19.9] 18.96 |16.9 to 21.4) 17.73 {16.4 to 19.2 
18.24 {17.2 to 13.92 {17.8 to | 17.64 |16.5 to 19.1 


* The Monitors decrease the mean width on Section 2. 
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The working maps show distinct line deepening between the 
ends the wing dams the concave side, where the current im- 
pinges, often from ft. 60, and quite regular, shown con- 
tours ft. apart. the convex side the line not distinct 
regular, nor that side where there are training walls. 

light material there was deep scour first from the end the 
wing dam down stream trending outward toward the channel. was 
more marked than the abrasion along new training wall. Both be- 
came relatively less the section regained its original area. this 
part the James the holes the ends the dams are conse- 
quence, rarely exceed ft., and are usually less; nor are there any 
noticeable abrasions this kind near the wing dams Varina, miles 
below the city, placed there 1880. 

There more regularity the lines scour abrasion train- 
ing walls they retain better the deposits silt and dredged material 
between the wing dams, neutralize the effects waves from high winds 
passing steam vessels, and give finish the works regulation; but 
the writer thinks the effect deepening the channel about the same 
with one the other James River. does not intend say that 


under other conditions and other rivers regulation training walls 


should not preferred, but simply giving the results his observa- 
tion this well other matters this work. 

The shealing below the works has been referred earlier this 
paper. The mean depth deposit years after 1874 was about 
ft. for miles below the last section the regulation under consid- 
eration, accompanied with contraction ft. surface-width, and 
11% cross-section. was deeper the shoaler areas than else- 
where, and does not appear have increased since; but showing 
lower down miles below the city and miles below the lower 
wing dams. suitable contraction all that needed these points. 

The obstructions placed the river Drewry Bluff espe- 
cially mentioned Colonel Craighill, caused scour for ft. 
below. They were removed 1872 ft. The channel 
where they were placed was from ft. deep 1853. The scour 
remaining under the old bed 1874 was ft. just below the ob- 
structions, rising ft. 1500 ft. below. This now replaced silt 
scour from above, and the profile the bed 1853 nearly 
restored. 
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There are two shoals below Drewry Bluff which were increased 
freshets much troublesome even under the old project. 
One these, Trent’s Reach, was avoided Dutch Gap Cut-Off; 
the other Kingsland Reach, miles below the city, cross- 
over where the surface width was 100 ft. 

The usual depth was ft., but after the freshet 1877 there were 
but ft. the channel. had been dredged repeatedly. The cur- 
rent now confined between training walls 550 ft. apart, and channel 
hard compact gravel and cobble, with indications that the bedrock 
was not faraway. This the farthest point from Richmond that cob- 
ble has been found dredging, and the supposed line rock between 
Richmond and Petersburg not miles distant. patch granite 
appears the right bank, miles below.* 

There marsh the right, draining into the river mile below, 
distance three-fifths that between the banks. levee, separating 
this from the river, not high enough hold the discharge great 
freshets, and diversion then occurs which tends increase the shoal. 
will require 000 cu. yds. raise the levee and prevent this. 

has been mentioned that deposit was forming under the 
bottoms the Monitors; instance scour this shoal may in- 
teresting. ice gorge formed here 1879. began the lower 
end the shoal ft. water sharp bend where the surface- 
width 550 ft. This raised the river 18} ft. above low tide, and 
part the discharge escaped through the marsh. But more less 
passed under the ice and scoured off ft. the shoal for consid- 
erable width down the gravel. The actual rise the river with- 
out this obstruction may have been ft. was ft. the Falls 
Richmond observed Belle Isle. The river was packed with ice 
for miles above the gorge, which remained unbroken for week. 
few days later the writer measured some masses left the shore 
that were ft. thick. The shoal was not troublesome for several years 
afterward. 


The shoal Varina, the first cross-over below Dutch Gap, had 
about ft. 1880, and had varied but little since the Coast 
Survey 1853. The contours ft. were nearly mile apart; 
the surface-width was 1300ft. modification the older 

* See Plate XXXIII. 
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project had been adopted under which the channel would made 
deep low tide below Warwick Bar the project called for full 
tide; that vessels loaded for would not detained any 
stage the tide except for the miles below Richmond. 

maintain this depth Varina, wing dams were placed the 
left bank contracting the width mean 920 ft., with minimum 
900 ft. the middle the cross-over. other protec- 
tion were placed the right bank, but channel was dredged 
through the shoal least 200 ft., measuring 48000 cu. yds. 
The material was sandy mud, with some rather tough areas. The re- 
duction made width was the area cut off the dams, 17.6%. 
The dams were protected brush mats, but stone 
limited amount the indurated clay excavated from the cut-off 
mile above was used for revetment. 

The dams remained intact until April, 1886, when freshet ft. 
occurred Richmond, and the two were shortened; the 
first, ft., and the second, 120 ft. The remaining three were unin- 
jured, and further damage has occurred. 

survey made 1884, two years before this, showed that the 
channel had widened, and 232 000 cu. yds. had been scoured from be- 
tween the wing dams and the opposite shore, addition the 
dredging 1880. The wing dams had accomplished the purpose 
intended. 

The next survey was 1890, and showed that deposit had taken 
place since 1884 above the upper uninjured wing dam, and that im- 
provement had continued below it. This will apparent from the 
following statement: 


|| 
Wing Dam Wing Dam Wing Dam Wing Dam Wing Dam 
| 
| || | | 
1877 | 1020) 14.2 | 15.7 || 1125 |12.7/16.1)| 1 190 |12.0/15.2/| 1 300 1 250 12.0)23.0 
1884 940 16.8 | 20.7 910 900 |15.4)20.5 920 930 |15.5|22.5 
1890 | 1030 | 14.8 | 17.6 || 1030 |14.5 117.3 | 910 \15.6 19.4| 9u0 - 930 |17.8)24.4 


€ 


; 
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The cubic yards water this shoal the time the three sur- 
veys were follows: 


Cu. yds. 

Above 1877, between 827 175 
1880, wing dams and opposite shore......... 711 181 
Below No. 3, in 1877, between banks,. ........c.ccceeeeccsesccseeecees 853 878 
1880, wing dams and opposite shore......... 673 133 


The quantity water between the wing dams and opposite shore 
1890 was more than between the banks 1877. The scour 
1890 had increased 438 000 cu. yds., including, however, abrasion 
the right bank which will restored works contraction 
that side. The wing dams, they are this time, are shown 
Plate 

The restoration the old work and the construction new dams 
the right bank are contracted for, which the minimum width 
will reduced 600 ft. 

shoal known Curles, miles below Varina, shown Plate 
the lower end the possible cut-off through Jones’ Neck. 
cross-over where the 18-ft. contours were 500 ft. apart 
1881. The flood and ebb channels were very distinct, the 16-ft. con- 
tours overlapping, separated middle ground ft., and nearly 
this depth could carried direct line between the 18-ft. contours. 

channel was dredged such line 1881, 200 ft. wide and 
least ft. deep. works regulation were constructed for want 
means. This channel had disappeared 1890 and one area half 
the width the cutting had ft. less depth water than before the 
dredging. There was increase depth the flood and ebb 
channels. The middle ground had 16} ft., and the distance between 
the 18-ft. contours was reduced The turn between the 
flood and ebb channels too abrupt for navigation, and less than 15} 
ft. can carried direct line. effect navigation the shoal 
restored. 

The amount dredging estimated contractor 1881 was 
000 cu. yds. 1890 the shoal still measured 000 cu. yds. less 
than before the dredging was done. 
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Mar., 1887, 
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May, 1889, 


Oct., 1892, 


Mar., 1878, 

1881, 
May, 1882, 
April, 1884, 
June, 1885, 
Aug., 1889, 
Sept., 1891, 
May, 1892, 


e in Hor, = 200 ft. ; Vert. = 8 ft. 
Width, Contraction. 
555 1 921 ft., 
== After freshet, 1886, 
460 ** 1 409 sq. ft., 


Dredging, 


Areas at other dates. 
645 freshet 1877, 
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The surface-widths are unchanged and are from 020 570 ft., 
increasing regularly down stream. section the narrowest point 
500 sq. ft., the widest 650 sq. ft., and the shoalest—1 400 ft. 
wide—17 850 sq. ft. The water-way will now contracted wing 
dams both sides minimum 710 ft., expanding above and 
below 730 ft., and 750 ft. curved lines 300 and 100 ft. radius, 
reverse directions, intended form chénnel 300 ft. wide and ft. 
deep scour alone. 

Five other shoals than those mentioned name, between Drewry 
Bluff and City Point, will need contraction, produce and maintain 
the channel the project, and works for two having less than ft. 
are under contract. 

Dredging material readily moved the current anywhere above 
City Point has had lasting effect the contour the river-bed. 
Channels cut are obliterated few freshets, and the bed left with 
transverse slope and shape strikingly like its former condition. There 
equivalent increase the mean depth there are regulating 
works maintain it. The been modified many places 
such works, but the writer remembers case where dredging has 
done such material this part the river. Dredging has 
hastened work needed the interests commerce. Material has 
been disposed not found again the channel below, 
has been when moved the current, considerations important enough 

The river very tortuous between Kingsland and City Point. 
Four cut-offs have been considered, which that Dutch Gap has 
been made. The three remaining are much longer, but through less 
elevated ground. The practicable distance saved them 
17} miles. The writer thinks that all would mainly through 
firm ground similar that Dutch Gap. 

Since these bends are tide-water practically level low stages 
the river, and with slope not exceeding ft. the mile the 
highest freshet, except hereafter mentioned, the writer thinks that 
any increase height flood line due cut-offs would local, 


* On Piate XXXIV will be found a section at wing dums 83.84, at the end of Section 4 
mentioned heretofore, which shows the original bed of 1874, the contraction for both projects, 
and the bed three periods since 1874, including the dredging previous the freshets 
1889, The bed after the freshets not shown, but was deeper than 1892,and had 
an area of 8299 sq. ft. The similarity in slope of bottom will be noted, as well as the absence 
the dredged channel 1889 1892. 
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and certainly more any point than has been observed below 
Dutch Gap. 

great freshets which flood the low grounds, the slope affected 
the contours above tide-level. The lines ft. above tide between 
Richmond and Kingsland vary from 000 ft. the former 200 
the latter, intermediate points noted being 1500, 1800 and 1900 ft. 
Below Kingsland, where the larger bends occur, the following con- 
trolling widths are found: miles below Kingsland, the Dutch 
Gap bend, mile above the lower entrance the cut-off, the contours 
are 300 ft. apart; Varina, miles farther, 100 ft.; Curles, 
miles still lower, 2050 ft.; and miles above City Point, 700 ft.* 

Below this they widen rapidly, and the slope, even great freshets, 
has brought the surface far below this level ft. above tide. 

But the bends cut off are for the most part flooded such 
freshet average depth perhaps ft.; lessening depth, but 
increasing area, the lower bends. These form wide waters 
mile and more, with areas sq. miles and upward. One 
them Dutch Gap, nearly miles long, with area fully sq. 
miles, covered with average depth, roughly estimated ft. 
above tide 1877. Another begins Varina, where the distance be- 
tween the contours swells from perhaps 000 ft., about 
mile. There are similar areas below. 

the freshet 1877, 28.6 ft. tide surface- 
slope from the city limits Drewry Bluff was 0.943 ft. the mile; 
below Kingsland 0.62 ft.; the succeeding miles 
Dutch Gap, 0.52 ft.; the the bend was reduced 
the fall through the cut-off being 2.15ft. The slope Varina, 
miles, was increased 1.40 ft.; and thence City Point, miles, 
the average slope was 0.544 ft., and the surface had fallen 4.7 ft. 
above tide. For miles below, the slope fell 0.051 ft. per mile. 

From the upper entrance Dutch Gap around the bend City 
Point, uniform slope would have been 0.557 ft., and the flood line 
Varina 0.28 ft. higher than observed. uniform slope from Drewry 
Bluff Dutch Gap would have been 0.597 ft., and, continued around 
the bend Varina, would have raised the flood line that point 0.02 
ft. The discharge the cut-off raised the flood line the lower en- 
trance 0.58 ft. above uniform slope from the upper entrance around 


* This contour is shown on Plates XXXI, XXXII and XXXIII. 
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the bend Varina, and caused the slope 1.40 ft. the mile before 
mentioned. Had the supposed uniform slope 0.597 ft. continued 
below Varina, would have reached the height found City Point 
only miles above it. 

the cut-off had any effect the slope above the Gap, should 
increase and lower the surface; and lowered the surface 
above much raised below, 0.58 ft., then the slope from 
Drewry Bluff Dutch Gap, the absence the cut-off, would have 
been 0.52 ft. the mile, and would needs increased 0.69 ft., 
reach the flood line Varina observed. The writer does any 
cause for such change the slope the absence the cut-off; and 
view the remarkably uniform slope the river from Drewry 
Bluff City Point, except disturbed the cut-off, thinks there 
was sensible increase the height the flood line Varina; 
and that the disturbance the slope caused was completely neu- 
tralized the wide water immediately below, and that the increase 
height from other cut-offs would neutralized like manner. 
regrets that observations were taken between Varina and City Point 
1877 after this freshet which this view could sustained, 
otherwise. There are records previous floods with which com- 


pare the line this Varina near it, but complaint was heard 


that was increased height the cut-off. 

The line highest water the Gap and City Point was marked 
men who had been, were, tending the gauges those points. The 
height Varina was marked Mr. Aiken who owned the place. 
The other points, except Richmond, were water-marks. All except 
City Point were referred well-tested bench marks, and the zero 
the gauge City Point was accurately known. 

The effect the Dutch Gap Cut-Off the regimen the river has 
been carefully observed. The writer adds the information brought 
out the discussion Colonel Craighill’s paper some data from surveys 
made since thattime. The cut-off shown Plate and 
miles river from Richmond. begun during the Civil War 
the National forces aid military operations, but not completed toa 
sufficient depth for that purpose, for want time other reasons. 
was closed soon after the War causeway across the upper entrance. 
This was washed out the freshet 1870, about the time when the 


| 
| 
| 


232 WHITCOMB IMPROVEMENT JAMES RIVER, VIRGINIA. 


first appropriation Congress became available, and the engineer 
officer charge recommended the enlargement the cut part 
the improvement, because would save over miles tortuous navi- 
gation, including one the most troublesome shoals the river. 

The neck cut through was very narrow, with height above 
tide the lowest point perhaps ft., and required cut 250 ft. long 
top,* 450 ft. water-surface, and 640 ft. ft. below. The chan- 
nel hugged the shore each side. The material few feet above 
water highly indurated clay, yielding with difficulty any dredge 
heretofore employed the work, and blasting has almost always been 
resorted its excavation. Above this gravel and sand covered 
with yellow clay. 

The bed wears slowly under the current and ft. higher than 
the river-bed just above. 1877, the year the freshet referred 
above, the cut had been enlarged 180 ft. wide and ft. depth 
1880, 200 ft. wide center and 300 ft. the entrances, with 
depth ft., and 1889 was widened 300 ft. throughout. 
now 550 ft. wide the upper entrance and 330 ft. the narrowest point, 
which near the lower entrance, with the depths and contours shown 
Plate XXXV. The estimated quantity removed from first last 
about 575 000 cu. yds. The depth will made ft. for 100 ft. wide 
under the existing contract. 

The heights the three great freshets 1877, 1886 and 1889, were 
observed above and below the cut, and are given the following state- 
ment, with the heights Richmond. The distance between the points 
observation was 600 ft., and measured around the bend, 730 ft. 


Observations other points, either above below, are not record, 
except for 1877. 


FALL FRoM— SLOPE SURFACE. 
Year Rich. |DutebGap,|Dutch Gap, Richmond Upper to o> «* Through Around 
rance 
Ft. | Ft. Ft. Ft Ft. Ft. Ft, Ft. 
1877. 28.62, 17.84 15.16 10.88 2.15 1 in 6612 | lin 279 |1 in 11 960 
1886. 24.28 | 13.12 11.38 11.16 1.74 1“ 6450 | 1“ 345 [1 ** 14787 
1889.| 26.18 14.16 12.10 12.02 2.06 1 ** 6000 | 1 “ 291 [1 12 400 


* These above-water dimensions are approximate. There are no records of measure- 


ments above water-surface kuowu to the writer. 


The under-water measurement is from the 
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fair deduction that the slope above the cut-off has increased 
with its enlargement. 

The least area the cut cross-section low tide 459 sq. ft., 
the mean section 6720sq. ft. Theriver ft. above has mean 
area 528sq. ft.; the bend cut-off, 4715 sq. ft. latter 
area was 371 sq. ft.* 

the freshet 1889 the flood area the cut-off was about 000 
sq. ft.; the wide water above the area may have been 000 sq. ft., 
and point the bend half mile above the lower entrance the 
cut-off, 000 sq. ft. 

the drain the cut-off 1877 the surface-slope 0.52 ft. for 
miles above was reduced 0.41 for miles the bend, and then in- 
creased 1.40 the miles Varina. From these and other imper- 
fect data hand, the writer thinks that one-half the discharge may 
have passed through the cut-off the rise 1889. The bottom the 
being ft. higher than the river above, submerged dam, 
which will partially removed under the existing contract. 

The current the cut-off stronger than elsewhere the vicinity, 
but has been greatly reduced the enlargement, and not trouble- 
some for navigators ordinary stages the river. great freshets 
has been too strong for even steam vessels, may inferred from 
the surface-slopes given above. 

This current, meeting the flow around the bend nearly right 
angle, forms whirlpool when the river high. The bed immediately 
front has been scoured depth ft. The channel for 000 
ft. below has been changed the current, and longer hugs the 
left bank, formerly, for that distance. This favorable naviga- 
tion, the lower entrance can made more directly ascending 
vessels. 

The current slowly abrading the hard-clay bed the cut-off 
the lower entrance, shortening the distance between the 22-ft. contours 
since 1876. From the lower contour the bed slopes ft. 120 ft. 
the extreme depth mentioned, which ft. lower than was found 
there 1853. then rises rapidly for few hundred feet, and then 
gradually, about its old depth mile below. 

The angle turned ship passing through the cut 158° 200 


* The mean areas of the cut-off and the bend in 1892 added are 92.4% of this area of 
1874, 
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ft., and the best practicable curve 750 ft. radius. The proposed cut-off 

immediately above, shown Plate XXXIII, would avoid more than 

half this curvature and the sharp bend miles above, besides saving 
miles distance. 


The mean areas, etc., above and below the cut-off 1874 and 1890 
were follows: 


1220 Fr. ABovE, 2570 Fr, BELow. 

| 1874. 1890, 1874. 1890. 

Mean surface width ...... 495 549.7 647 667 

- depth 22.65 20.97 23.0 23.02 

Average center depth | 37.70 37.10 390 | 40.70 
Solids of water........... cu. yds, | 506 497 532 245 1 419 013 | 1466 416 


The deep scour opposite the lower entrance not included the 
above statement. There was abrasion the right bank the 
river above and below the entrances. The former due the flood- 
tide current, and the latter freshets. This was corrected brush 
training walls. The cut-off can hardly held have made any 
disadvantageous changes the regimen the river above and 
below it. 

The bend longer navigable throughout ordinary stages, 
having but ft. the Trent’s Reach Bar. The mean widths, areas 
and depths, and the amount deposit since 1874, are follows: 


AVERAGE YEARLY DEPOSIT, EXCLUD- 


| | bic yard 
Year. | | Square of water. 
} Ou. yds. | Cu. yds. Cu. yds. 


71 | 1552 | 11 846 969 | 
15 6.49 4542923 | 7321041 419 777 204 441 | 37 184 


The amount dredged material dumped the bend during this 
time was 394 730 cu. yds., not far from the yearly deposit from the 
river. The whole amount material excavated machines and 
scoured the current due regulation miles below Richmond 
during this time does not exceed 1500000 cu. yds., about the 


| | 
| 
| | | | 
| | | | | | 
| | 
1874 | 797 123 
1892 726 | 47 
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silt deposited this bend. will noted that the yearly deposit 
the last five years less than that the years preceding 1887, 
but much larger proportion material was dumped the bend 
the later period. 

Three the shoals below City Point were dredged ft. depth 
1880-81. These were Harrison’s Bar, Swan’s Point and Goose Hill 
Flats. Swan’s Point has since been deepened ft. 

The crest Harrison’s Bar, which was hard material, remains 
least deep when dredged. The extensive mile 
below has, 1880, but little over ft. it. The improvement 
now under contract will require 000 cu. yds. dredging. 

The channel Goose Hill has lumps places, with nearly foot 
less water than after dredging 1880. The upper nar- 
rower, but retains its depth. The contract calls for dredging 000 
cu. yds. which will restore its condition. This appears have been 
swash channel through flats extending former main channel, 
which followed nearer the southern shore Cobham Bay with con- 
siderable bend. The river miles wide. The old channel had 
but ft. depth 1873 and shallower now. The current through 
the dredged channel would materially increased training wall 
its south side, and training walls were provided for the estimates 
for the new project, and may found expedient, not necessary, 
when that enlargement made. 

expected that channel ft. deep, from Hampton Roads 
Richmond, will opened December, 1894. the miles be- 
low Richmond, this depth may only ft. wide places, looking 
further widening later on, and then carrying the full depth re- 
quired the project. Rock which requires blasting will taken 
out the full depth all cases. 

The depths available for navigation 1870 and 1892 were fol- 
lows 


1870. 1892 

Feet, Feet. 

From the city Richmond Bar........ 13.8 

Over Richmond Bar and Randolph Flat.... 15.0 

From Randolph Flat Warwick Bar...... 12.4 15.4 

Bar City Point.......... 7.0 15.4 

City Point Hampton Roads....... 14.8 17.0 
Vessels drawing ft. were brought the city limits the past 
year high tide. The available depth for navigation near the city 
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will continue limited 13.8 ft. mean low tide, which has 
remained for several years, until the new channel Goode’s Rocks 
made wide enough allow safe passage for vessels. This included 
the work under contract. 

The amount which has been appropriated for the work the 
United States since July, 1870, 552 500, which about $200 000 
unexpended. Richmond City has expended about 
addition. 

The work done the United States has been under the direction 
Colonel Craighill, Corps Engineers, A., since its 
commencement 1870, except for two years following July, 1884, 
when was directed Lieutenant-Colonel Hains, Corps 
Engineers. 

The work done the city for several years past has for the most 
part been within the city limits, and under the charge Colonel 
Cutshaw, City Engineer. 
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